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1167-224 Short-Term Cardiac Memory: Phenotypically 
Heterogeneous Property of Myocardial Repolarization
Alexei Shvilkin, Seth McClennen, Panos Papageorgiou, Mathew Reynolds, Aneesh Tolat, 
Allison Richardson, Peter Zimetbaum, Mark E. Josephson, Beth Israel Deaconess 
Medical Center, Boston, MA
Background: Cardiac memory (CM) represents persistent T wave changes after a
period of aberrant ventricular activation (ventricular pacing, ventricular arrhythmias) upon
resumption of normal conduction that are associated with changes in ion channel func-
tion, refractoriness and response to antiarrhythmic drugs in animal models. Clinical sig-
nificance of CM in humans is largely unknown. We hypothesized that a wide variation
exists in CM expression in humans that reflects heterogeneity of individual repolarization
properties and therefore might convey clinically relevant information.
Methods: Short-term CM was induced in eighteen patients (M/F 13/5, age 28-88 years)
referred for electrophysiological study. Four minutes of atrial pacing (AP) at a cycle length
(CL) of 600- 800 ms established the baseline (BL) with stable QT. CM was induced by
right ventricular AV sequential pacing (A-RVP) with short AV delay at the same CL for 15
min. A-RVP was interrupted by 10 s of AP at 1, 5, 10, and 15 min to observe CM. Vector-
cardiograms were reconstructed from digitally acquired 12-lead ECG using inverse Dover
transform. CM was quantified by 3-dimensional displacement of T vector peak (TPd) in
orthogonal leads and QT change.
Results: CM magnitude increased over the course of A-RVP with TPd = 50 ± 9; 82 ± 10;
105 ± 16; 101 ± 15 µV after 1, 5, 10, and 15 min of A-RVP, resp, p<0.01. Maximal individ-
ual CM magnitude varied from 20 to 229 µV. AP QT shortened from 371 ± 5 ms at BL to
360 ± 4 ms after 15 min of A-RVP (p<0.05). A-RVP QT shortened from 404 ± 9 ms at
onset to 392 ± 9 ms at 15 min of A-RVP (p<0.01). TPd did not correlate with clinical vari-
ables (age, sex, EF, medications) or QT shortening.
Conclusion: A period of altered ventricular activation sequence modifies repolarization
resulting in CM and QT shortening during both AP and A-RVP at a constant CL. There is
marked heterogeneity of short-term CM in terms of both T vector and QT interval
changes. Considerable differences exist in myocardial ability to conform to a new activa-
tion sequence in humans. Prospective clinical outcome studies will define clinical signifi-
cance of these findings.
1167-225 Lead Position and Long-Term Survival With 
Biventricular Pacing
Dusan Z. Kocovic, Heather M. Ross, Douglas Laidlaw, Thomas Lynn, Main Line Heart 
Center, Wynnewood, PA
Background: Cardiac resynchronization therapy (CRT) has been shown to improve
NYHA functional class, exercise capacity, quality of life (QOL), and survival in patients
with moderate to severe heart failure and wide QRS complex. The optimal site for left
ventricular (LV) pacing was established in acute hemodynamic studies, but long-term
impact of different LV stimulation sites is unknown.
Methods: We examined the impact of LV lead position on mortality of 106 consecutively
implanted CRT patients with long-term follow-up (18-46 months). At baseline, ejection
fraction (EF) was <35%, QRS >130 msec, NYHA class III (n=90) or IV (n=16). Patients
were followed clinically at 6 month intervals with echo, 6 minute walk test, and QOL ques-
tionnaire. 30 patients had the LV lead implanted in an anterior or septal position (group
1), and 76 in a lateral, posterolateral, or anterolateral position (group 2) on the LV wall.
Results: At 12 months follow-up, patients with lateral position (group 2) improved more
than patients with anterior or septal lead position (group 1) in 6 minute walk test (p<0.05),
functional class (p<0.001), QOL (p<0.05), and EF (p<0.05). 90 percent of patients in
group 2 were alive versus 75 percent of patients in group 1 (p<0.05 log rank test). Fewer
patients in group 2 required hospitalization or intravenous medications for the treatment
of HF, compared to group 1.
Conclusion: CRT with LV lead position in the left lateral wall results in more significant
clinical improvement and better survival than with LV lead position in a septal or anterior
position.
1167-226 Outcome of Resynchronization Therapy in Patients With 
Atrial Fibrillation
Barbara Lamp, Juergen Vogt, Lothar Faber, Johannes Heintze, Bert Hansky, Uwe 
Schulz, Reiner Koerfer, Dieter Horstkotte, Heart Center North Rhine-Westphalia, Bad 
Oeynhausen, Germany
Resynchronisation therapy (RT) in patients (p) with severe heart failure (CHF) and left
bundle branch block (LBBB) is successful. However conflicting data exist for p with atrial
fibrillation (AF).
In this study we analysed 313 p (mean age 62±10 years (y), 174 DCM, 110 CAD, 29
other, mean FU 18.2 ± 12.4 m) who received RT with respect to the underlying rhythm at
baseline. Baseline characteristics in the two groups show no statistical differences
between SR-pts. and the AF-pts. (26 x permanent AF, 17 x intermittent AF, 6xAF and
VVI-PM) concerning age, oxygen consumption at anaerobic threshold (VO2AT), work-
load, 6 min. walking distance, LVEDD, LVEF and QRS-width. NYHA class and peak oxy-
gen consumption (VO2peak) are better in the SR-group (p<0.05, unpaired t-test). The
proportion of pts. with valvular disease is larger in AF than in SR (16% versus 8% in SR).
After 3, 6 and 12 m, the clinical course in the AF group seems less beneficial (table) with
22.5 % pump failure as opposed to 13.2% in SR.
Our data show a favourable outcome after RT for pts. with normal SR. However in pts.
with preexisting AF the clinical benefit seems to be less sustained. These results are
comparable to those of the AF-arm in MUSTIC. 
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860-1 The Success of Surgical Pulmonary Vein Isolation for 
Atrial Fibrillation Is Not Influenced by Omission of the 
Mitral Annular Connecting Lesion
Deon W. Vigilance, Brian Kim, Mauricio Garrido, Mathew Williams, Joy Peacock, Ann 
Zeidner, Aftab R. Kherani, Jeffery A. Morgan, Satish Kesava, Mehmet C. Oz, Michael 
Argenziano, Columbia University, New York, NY
Background: Surgical atrial fibrillation ablation (SAFA) has emerged as an alternative to
the Maze procedure. Although several left atrial lesion patterns have been utilized, most
have included pulmonary vein isolation (PVI) and a "connecting lesion" to the mitral
annulus. Since this connecting lesion is difficult to create epicardially, we evaluated
whether its omission would have an impact on success of SAFA.
Methods: Over 42 months, 210 patients underwent SAFA for AF as a lone or concomi-
tant cardiac procedure. Early in our experience, all procedures included PVI and a con-
necting mitral valve lesion (Group I, n=118). More recently, we have performed only PVI
(Group II, n=69). Postoperative electrocardiograms were monitored at regular intervals.
Success was defined as freedom from AF or atrial flutter (AFL).
Results: There were 23 deaths in the follow-up period. In the remaining 187 patients,
mean age was 65.6+12.3 years and mean duration of preoperative AF was 7.5+10.1 yrs.
At a mean follow-up of 10.6+10.5 months, patients in Groups I and II had success rates
of 69.5% (82/118) and 65.2% (45/69), respectively (p=0.627). Groups I and II also had
similar rates of postoperative AFL (8.5% vs. 8.7%, respectively [p=0.809]).
Conclusions: In patients undergoing surgical atrial fibrillation ablation, the connecting
lesion to the mitral annulus neither influences the success of the procedure nor alters the
incidence of postoperative atrial flutter. These findings suggest that an epicardial ablative
procedure consisting only of pulmonary vein isolation is a reasonable option in the treat-
ment of atrial fibrillation.
4:15 p.m.
860-2 Morphology of Intraoperative Radiofrequency Ablation 
to Treat Atrial Fibrillation
Thomas Deneke, Krishna Khargi, Peter H. Grewe, Axel Laczkovics, Bernd Lemke, Klaus-
Michael Müller, Medical Clinic II, Bochum, Germany, Institute of Pathology, Bochum, 
Germany
Intraoperative cooled-tip radiofrequency ablation (SICTRA) is an effective treatment of
chronic atrial fibrillation (AF). Ablation lines in the atria aim at producing electric conduc-
tion block. Morphological effects in human atrial tissue have not been systematically ana-
lyzed.
Methods: 8 patients died 2 to 64 days after open heart surgery plus additional SICTRA to
treat chronic permanent af (duration 5±4 years). The atria were analyzed in topographic
correlation to the ablation pattern by macroscopy, microscopy and immunohistochemis-
try.
Table 1
parameter baseline (n=20) 6 months (n=14)
NYHA 3.1±0.4 2.4±0.6*
VO2peak (ml/kg/min) 13.6±2.1 14.1±3.1
VO2AT (ml/kg/min) 10.6±2.2 12.0±4.4
6-min walk (m) 310.0±118.7 385.5±120.7
QOL 75.2±10.6 25.6±22.7
LVEDD (mm) 75.2±10.6 67.0±10.6*
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Results: All 8 patients converted to SR during follow-up. Atrial tissue shows a wide varia-
tion of reactive fibrosis, endocardial thickening and myocardial hypertrophy (mean wall
thickness 5.4mm left, 3.8mm right atrium). SICTRA produces clearly delineated coagula-
tion necrosis bordered by an irregular zone of fresh bleeding and incomplete necrosis
without superficial charring or perforation. The necrotic core consists of homogenized,
swollen anuclear myocardial cells up to a depth of 5.5mm. Endocardium and suben-
docardium display edematic loosening, swelling and microfragmentation of connective
tissue fibers. In the early phase (2 to 6 days; n=5) interfibrillar disseminated bleeding and
areactive necrosis is found. In the mid-term phase (> 20 days, n=3) mild inflammatory
removal reaction and granulation tissue is found on the borders of the necrotic core. 24%
of all studied lesions in patients with documented postoperative sinusrhythm were non-
transmural and 100% of left atrial isthmus lines demonstrated non-transmurality. Multiple
nervous fibers are detected in the pulmonary ostial region displaying different degrees of
thermal damage.
Conclusions: Radiofrequency ablation in AF leads to coagulation necrosis of endocar-
dium, subendocardium and the atrial myocardial layer to a depth of about 5.5mm bor-
dered by an irregular zone of incomplete thermal damage. N superficial damage or
charring is produced. complete transmurality can only be documented in 76% of intraop-
eratively applied lesion in patients converted to SR. If these lesions produce long-term
electric conduction block has to be further analyzed.
4:30 p.m.
860-3 Electroanatomical Mapping to Assess Phrenic Nerve 
Proximity to Superior Vena Cava and Pulmonary Vein 
Ostia
Martin D. Lowe, Laurie A. Peterson, Kristi H. Monahan, Samuel J. Asirvatham, Douglas 
L. Packer, Mayo Clinic, Rochester, MN
Background: The phrenic nerve courses between the superior vena cava (SVC) and
right superior pulmonary vein (RSPV) and as such is liable to injury during AF ablative
procedures. This study was designed to assess the anatomical relationship between
phrenic nerve and venous ostia of SVC and right sided PVs.
Methods: Thirty-one patients (26 males, mean age 53 ± 8 years) with a mean duration of
AF of 4.3 ± 2.8 years who were undergoing pulmonary vein (PV) isolation alone, or in
combination with LA linear ablation and SVC isolation, were studied. Electroanatomical
mapping and geometric rendering (CARTO, Biosense Webster) of SVC, RA, LA and PVs
was performed initially. Following 3D acquisition of cardiac and venous structures,
phrenic nerve capture was mapped during high output pacing (10–20 mA, 2 ms pulse
width) within SVC, RA and right sided PVs. Following stimulation within each PV the
catheter was withdrawn to an ostial location and pacing performed at superior, inferior
and anterior borders of the PV / LA junction, as verified by fluoroscopy and intra-cardiac
echo.
Results: Phrenic nerve capture was seen in all patients from the SVC / RA, with multiple
capture sites demonstrated in individual patients. During RSPV pacing the phrenic nerve
was captured in 20 patients (65%), with the superior branch being the most common site
for phrenic stimulation. In 5 patients (16%) the phrenic nerve could be captured at the
ostium of the RSPV (3 at anterior border with LA, 1 superior and 1 inferior). Pacing within
the RIPV captured the phrenic nerve in 4 patients (13%), but phrenic nerve capture was
not obtained at the ostium in any patient. Delivery of RF energy following phrenic nerve
mapping was directed away from capture sites, with power limit set to 30W at the SVC /
RA junction and RSPV ostium. In 3 patients complete electrical isolation of SVC or PVs
was not possible because of the risk of phrenic injury with higher energy deliveries.
Conclusion: The phrenic nerve is closely related to the SVC / RA junction and in nearly
one fifth of patients runs adjacent to the RSPV ostium. Careful titration of energy delivery
when performing SVC and RSPV isolation should be undertaken to avoid phrenic nerve
damage.
4:45 p.m.
860-4 Remote Catheter Ablation Using the New Magnetic 
Navigation System Niobe
Sabine Ernst, Feifan Ouyang, Christian Linder, Matthais Antz, Karl-Heinz Kuck, St. 
Georg General Hospital, Hamburg, Germany
Introduction:
Accessibility of target sites during conventional electrophysiologic (EP) procedures can
be hampered by catheter design limitations (steerability, torque,etc). The new Niobe
magnetic navigation system consists of two computer-controlled permanent magnets
located on opposite sides of the patient table, and a small magnet embedded in the tip of
the ablation catheter which aligns with the user-defined magnetic field direction (0.08
Tesla). A motor drive, controlled via joystick, advances or retracts the catheter, thus
enabling complete remote navigation.
Methods
A total of 54 pts (24 m) were enrolled in a safety and feasibility study. By protocol limita-
tion, during the initial 20 procedures radiofrequency current (RFC) delivery was limited to
the right atrium only. RFC was applied using a remote-controlled solid tip magnetic navi-
gation-enabled catheter (55-60°C, 40 W, max.180 sec).
Results
In all pts, remote-controlled mapping of the target sites was successfully and safely per-
formed. In 30 pts atrioventricular nodal re-entrant tachycardia was treated, in 14 pts an
inferior isthmus blockade for atrial flutter was attempted, 6 pts had an inducible atrioven-
tricular re-entrant tachycardia and two pts suffered from an ectopic atrial tachycardia.
Remote RF catheter ablation was performed using a median of 7 RFC applications
(median fluoroscopy time 12.3 min, median procedure duration 188 min). In 6 pts, the
tachycardia substrate was located on the arterial side of the heart. A retrograde
approach crossing the aortic valve by remote control was used in 3 pts, whereas in the
remaining a transseptal approach was used. There were no acute complications.
Conclusions
The Niobe system is a new platform allowing the remote-controlled navigation of a 4 mm
tip ablation catheter guided by intermittent fluoroscopy. In conjunction with a motor drive
unit, this system was used for the first time in pts with simple EP substrates to perform
completely remote-controlled ante- and retrograde EP mapping and RF ablation.
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874-1 Right Ventricular but Not Biventricular Pacing Increases 
Markers of Ventricular Electrical Vulnerability
Gioia Turitto, Seing Houy, Ravi Gupta, Ronald Pedalino, Nabil El-Sherif, SUNY - 
Downstate Medical Center, Brooklyn, NY
Background: Compared to right ventricular (RV) pacing, biventricular (BiV) pacing is
believed to result in improved mechanical and electrophysiologic parameters. Tachycar-
dia-dependent T-wave alternans (TWA) is associated with increased dispersion of ven-
tricular repolarization and is considered a strong predictor of malignant ventricular
tachyarrhythmias.
Methods: We compared the prevalence of TWA in a group of patients (26 males, 6
females, age: 59+15 years, left ventricular ejection fraction: 34+14%, with values <35% in
25 patients) during atrial pacing, atrio-ventricular (AV) pacing from the RV (AV-RV), and
AV pacing from both RV and LV (AV-BiV). The study was conducted during electrophysi-
ology evaluation and/or following device implantation. Pacing rate was 110/min and pac-
ing modes were performed in random order for 10 min each. Criteria for positive TWA
were voltage >1.9 µV with ratio (k) >3 for >1 min in >1 orthogonal lead and/or >2 precor-
dial leads.
Results: TWA was induced by atrial pacing in 31% of patients, by AV-RV pacing in 81%
of patients, and by AV-BiV pacing in 40% of patients. There was a statistically significant
increase of all TWA parameters between atrial pacing and AV-RV pacing (p<0.001) and
between AV-BiV and AV-RV pacing (p<0.01). However, there was no statistically signifi-
cant difference between AP and AV-BiV pacing modes.
Conclusions: RV pacing, even for a short duration, is associated with markers of
increased ventricular electrical vulnerability, which are significantly ameliorated by BiV
pacing.
8:45 a.m.
874-2 Reproducibility and Interpretation of Magneto-Cardio-
Gram Maps in Detecting Ischemia
Benjamin A. Steinberg, Ariel Roguin, Elaine Allen, Daniel R. Wahl, Craig S. Smith, 
Marcus St. John, Stanley Watkins, Richard Sohn, Henry R. Halperin, Peter Hill, Jon R. 
Resar, Johns Hopkins Hospital, Baltimore, MD
Magneto-Cardio-Gram (MCG) is a non-invasive technology which measures the mag-
netic field of the heart by superconducting quantum interference devices (SQUIDs) sen-
sors. The novelty of the present system is that the sensors can be operated without
electromagnetic shielding of the examination room thus allowing the system to be easily
installed in the emergency department or chest pain unit. Preliminary studies in Europe
found that this imaging modality may have better sensitivity as compared to ECG in
detecting ischemia. We aimed (1) to assess the reproducibility, intraobserver and interob-
server interpretation variability and (2) to assess the MCG maps with presence of coro-
nary narrowings.
Methods and results: All measurements were performed in a non shielded room. (1) Two
MCG maps were recorded in 22 otherwise healthy volunteers (age 22-53, median 31, 15
male) in an interval ranging from 2-48 hours. The maps were interpreted using the
Cardimag software for contour maps, average MCG time traces and waveform morphol-
ogy of repolarization by two observers blinded to each other. An ischemia algorithm,
developed by CardioMag Imaging, was used, and the same conclusion (19-normal, 3
pathological) was achieved in all volunteers. The reproducibility was in the 4% angle
range in all but one volunteer (r=0.94, p<0.001). The correlations of the intraobserver and
interobserver interpretation were significant (r=0.95, p<0.001).
(2) MCG maps were obtained in 36 patients referred for angiography due to suspected
coronary artery disease. Twenty-four of them had coronary narrowings defined as more
than 50%. In this group, 16 (66%) had abnormal MCG maps as compared to only 5
(21%) who had abnormal ECGs (p<0.01).
Conclusions: MCG maps can be successfully obtained in a non-shielding room and
allows feasible, accurate and reproducible measurements with little intraobserver and
interobserver variability. Ischemic changes in the heart’s magnetic field may occur before
electrical changes. Our pilot data suggests that this imaging modality may offer better
sensitivity as compared to ECG in detecting ischemia in a cohort of patients who had cor-
onary narrowings in angiography.
